Nanomaterials hold great promise of improved plant disease resistance, controlled release of agro-chemicals, enhanced plant growth, etc. In this study, the effect of nanosilica (10 -30 nm) prepared from rice husk on the growth promotion of chili plant in green house was carried out. The experiment of nanosilica treatment by foliar spraying was arranged in a factorial design with 3 replications at various nanosilica concentrations of 0, 40, 60 and 100 ppm. Plant growth characteristics and chlorophyll content were assessed. Results showed that the fresh weight, dry weight, and chlorophyll content increased with the treatment of nanosilica. The optimal concentration of nanosilica was found to be of 60 ppm. Thus, treatment of nanosilica was beneficial in enhancing the growth of the chili plants.
INTRODUCTION
Nanotechnology opens up a wide applicability in various fields like medicine, pharmaceutics, electronics and agriculture. Nanomaterials hold great promise of improved plant disease resistance, controlled release of agro-chemicals, enhanced plant growth, etc [1, 2] . Silica and nanosilica from rice husk have been applied in various fields such as adsorbents, carriers, fillers, blending in Portland cement, zeolite production, drug delivery system, etc [3 -5] . Recently, silica (SiO 2 ) and nanosilica from rice husk (RH) have been also applied for production of porous ceramic for water treatment [6] , and for plant growth promotion and elicitation [2, 7, 8] . RH is an agro-waste product, and about 600 million tons are generated each year around the world [9] . In Vietnam, it is estimated that rice productivity is of about 40 million tons/year. Thus, approximately 9.2 million tons of RH are generated each year. By silica content of about 10 % in RH [10] , then the silica quantity from RH resource will be nearly 1 million ton/year. Therefore, RH is an abundant agro-waste resource that can be used to harvest amorphous silica from RH ash (RHA) by burning or combustion techniques [3, 11 -13] and nanosilica by incineration of acid treated RH [4, 14, 15] or treatment of RHA by sol-gel method [16, 17] . So that it is also minimized the related environmental issues associated with the current applications and disposables of RH [14] .
In this study, the nanosilica was prepared from RH and the effect of foliar spraying of nanosilica on growth promotion of chili plant in green house was investigated.
EXPERIMENTAL

Materials
Raw RH was supplied by rice mills in the south of Vietnam. Analytical reagent-grade hydrochloric acid (HCl) was purchased from Merck, Germany. Distilled water was used throughout all experiments.
Preparation of nanosilica from rice husk
The process of nanosilica preparation was adopted from the method as described by Athinarayanan et al. [4] and Wang et al. [14] with some modifications. Briefly, raw RH was first rinsed with water to remove dusts, soluble substances, and other contaminants. It was then dried at 60 o C in forced air oven (Yamato, DNF 410, Japan). Approximately 50 g of the dried RH was then treated with 500 ml of 1N HCl at ambient temperature for 2 h by magnetic stirring. It was cooled and kept intact overnight. Then it was decanted and thoroughly washed with distilled water until the rinse became free from acid. The treated RH was subsequently dried in forced air oven until to dry. The resulted RH was ground into fine powder. The obtained RH powder was incinerated at 700 o C for 2h inside a programmable furnace (Nabertherm GmbH, Germany) to obtain nanosilica.
Characterization of nanosilica
The silica content and the amount of metallic impurities in the sample were estimated by energy dispersive x-ray spectrometer (EDX), Horiba 7593-H. The X-ray diffraction (XRD) pattern of nanosilica was recorded on an X-ray diffractometer, D8 Advance A25, Brucker, Germany. The particle size of nanosilica was performed using transmission electron microscopy (TEM), model JEM1010, JEOL, Japan.
Growth promotion of nanosilica for chili plant
The 60-day old chili plants (Capsicum frutescens L.) were designed for 4 treatments with 3 replications of foliar spraying nanosilica namely: control (treated with water without nanosilica), 40, 60 and 100 ppm of nanosilica in green house of Hi-Tech Agriculture Center, Cu Chi, Ho Chi Minh City at 30 ± 2 o C and RH of 60 ± 2 %. The number of chili plants used in 4 treatments mentioned above was of 120 plants (30 plants/treatment). After two spraying times (two weeks), the chili plants were continued to grow for further 3 weeks. Then the fresh weight, the dried weight and the chlorophyll content were investigated. Chlorophyll (a+b) content was spectrophotometrically determined using alcohol extraction according to the method as described by Dere et al. [18] . Statistical analyses of data were conducted according to method of field experiment by one-way ANOVA processing with P < 0.05 [19] . Figure 1 . Photograph of RH powder ((left) and nanosilica from RH powder (right).
RESULTS AND DISCUSSION
Nanosilica from rice husk
In this study, while nanosilica in Figure 1 with the yield of 10.21 ± 0.38 % was prepared from RH powder using acid treatment and subsequent incineration at 700 o C for 2 h [4, 14] . [16] . In this study, RH (not RH ash) was treated with 1N HCl before incineration, therefore the metallic impurities were efficiently removed. Only Al 2 O 3 (k α at 1.486 keV) still remained in small content of 0.7 % calculated as atomic percentage (Figure 2) . Value of k α of silicon (Si) and oxygen (O) in EDX spectrum presented in Figure 2 is of 1.739 and 0.525 keV, respectively. In addition, Carmora et al. reported that organic acids namely acetic and citric acid can be also used to remove metallic impurities efficiently [15] . The XRD pattern of the nanosilica was shown in Figure 3 . It can be observed from Figure 3 that the only one peak at 2θ ≈ 22 o confirmed the purity and amorphous structure of nanosilica generated from acid treated RH powder [4, 14, 16] .
The size of as-prepared nanosilica was estimated from TEM image in Figure 4 to be of 10 -30 nm. Athinarayanan et al. also reported the same size of nanosilica harvested by incineration of RH powder at 700 o C for 2 h, while incineration at lower temperature particularly at 500 and 600 o C generated nanosilica with larger size [4] . From the results in Table 1 , it indicated clearly that the treatment of 60 ppm of nanosilica was found to be the best for the growth enhancement of chili plant, particularly the fresh weight of shoot and root increased to 17.5 % and 30.4 %, and the dry weight of shoot and root increased to ~90 % and 44.7 %, respectively compared to that of the control (spraying with water). In addition, the total chlorophyll (a+b) content increased remarkably to 70.6 % (36.67 mg/g) in comparison with that of the control (21.29 mg/g). The present results also showed that the increase in chlorophyll content by the treatment of nanosilica on chili plants resulted in higher photosynthetic rate [20] . The obtained results also suggested that treatment of nanosilica had a beneficial effect on photosynthesis. Suriyaprabha et al. reported that treatment of 15 kg/ha nanosilica from RH in soil showed the better growth promotion of maize in terms of stem height and chlorophyll content compared with other treatments and control one [7] . They concluded that the application of nanosilica fertilizers in soil was more superior to bulk silica and control for growth enhancement of maize. Siddiqui et al. also reported that treatment of nanosilica (8 g/L) of tomato seeds significantly enhanced the characteristics of seed germination, and seedling fresh weight and dry weight [8] . Based on the results obtained by Suriyaprabha et al. [7] , Siddiqui et al. [8] and our results in the present study, it suggests that nanosilica could be used as a fertilizer either by foliar spraying and/or by soil amendment for crop improvement with better yield. In addition, it is interesting to note that treatment of nanosilica is also able to protect the plant from pathogenic infection [2] . Furthermore, the results of Rodrigues et al. proved that silica played an active role in the resistance of rice to blast disease by induction of phytoalexins [21] . Recently, Kiirika et al. reported that combined treatment of silica and chitosan induced the synergistic effect against bacterial disease for plant (tomato) [22] . Thus, nanosilica is promising to apply as growth promoter and elicitor for plants.
Growth characteristics of chili plant treated with nanosilica
CONCLUSION
Nanosilica (10 -30 nm) from RH was successfully prepared by incineration of acid treated RH powder at 700 o C for 2 h. By foliar spraying, nanosilica of 60 ppm showed the best growth enhancement of chili plant in terms of the increase of fresh weight, dry weight and chlorophyll content. Thus, nanosilica from RH is promising to apply as growth promoter and elicitor for plants as well as an environmentally friendly agro-chemical for sustainable development of agriculture.
